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Structured Summary 
Aim 
Systematically review the frequency and type of adverse events associated with a single dose 
of intravenous or intramuscular gentamicin in adults, for any indication, in studies where a 
comparator was available. 
 
Methods 
A review protocol was developed and registered (PROSPERO: CRD42013003229). Studies 
were eligible for review if they; recruited participants ≥16 years old, used gentamicin 
intramuscularly or intravenously as a single one-off dose, compared gentamicin to another 
medication or placebo, and if adverse events were monitored. MEDLINE, EMBASE, 
Cochrane Library, trial registries, conference proceedings and other relevant databases were 
searched up to November 2016. Risk of bias was assessed on all included studies. 
 
Results 
15,522 records were identified. After removal of duplicates, screening of title/abstracts for 
relevance and independent selection of full texts by two reviewers, 36 studies were included. 
24,107 received a single one-off dose of gentamicin (doses ranged from 1mg/kg - 480mg per 
dose). Acute kidney injury was described in 2520 participants receiving gentamicin. The 
large majority of cases were reversible. There were no cases of ototoxicity reported in 
patients receiving gentamicin. A meta-analysis was not performed due to study heterogeneity. 
 
Conclusions 
A significant number of patients saw a transient rise in creatinine after a single dose of 
gentamicin at doses up to 480mg. Persistent renal impairment and other adverse events were 
relatively rare. 
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Introduction 
Gentamicin is a well-established antibiotic initially discovered in 1963(1) which is 
particularly useful for treating bacteria resistant to other antimicrobials. It is bactericidal and 
effective against gram-negative and limited gram-positive organisms. Gentamicin is not 
metabolised but distributed essentially unchanged within the extracellular space before 
excretion in the kidneys by glomerular filtration.(2) Its use is limited by potentially serious 
adverse effects, most commonly ototoxicity and nephrotoxicity.  
 
Gentamicin was previously given as a multi dose regimen each day, modified according to 
serum drug levels. Several studies have shown that single-daily dosing of gentamicin offers 
an equal, if not improved, toxicity profile.(3) However, the toxicity profile of a single one off 
dose of gentamicin, as opposed to multiple doses over several days, remains unclear. A single 
dose is used as a prophylaxis prior to surgery or invasive procedures, such as endoscopic 
retrograde cholangio-pancreatography, and has also been proven to be effective in the 
treatment of gonorrhoea.(4-6) It is possible that a one off dose is less toxic and may have a 
lower risk of adverse effects. Previous systematic reviews of gentamicin safety have focused 
on a specific indication for use(7), drug preparation(8), treatment population(9), individual 
adverse effect(10) or dosing regimen(11), but none have evaluated single dose gentamicin. 
The aim of this systematic review was to assess the frequency and type of adverse events 
associated with the use of a single dose of intravenous or intramuscular gentamicin in adults. 
 
Methods 
A systematic review protocol was developed and registered with PROSPERO at the Centre 
for Reviews and Dissemination, University of York (Reg No. CRD42013003229 
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42013003229).  
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Eligibility Criteria 
Studies were considered eligible for the review if they fulfilled the following criteria; human 
participants; male or female; ≥16 years old; intramuscular or intravenous gentamicin as a 
single one-off dose; control group; adverse effects monitored. The control group could 
comprise of any of the following; placebo, no treatment or an antimicrobial regimen which 
did not include gentamicin. By including studies with one of these groups as a control 
allowed us to better identify the true adverse effects of single dose gentamicin. If a study did 
not have a control group then it was not included in this review. For this reason case studies, 
case reviews and some longitudinal studies were excluded based on the study design. No 
other restriction on study design was applied. There was no restriction on the indication for 
treatment, dose of gentamicin, length of follow up, clinical setting in which gentamicin was 
given, year of publication or publication status. 
 
Search strategy 
The following electronic databases were searched; The Cochrane Library (including the 
Health Technology Assessment database), MEDLINE, EMBASE, British Nursing Index and 
Cumulative Index Nursing and Allied Health Literature (CINAHL). The following were 
searched specifically for systematic reviews and guidelines: National Guideline 
Clearinghouse, NICE and SIGN. Ongoing trials were sought through the following trial 
registers; clinicaltrials.gov, WHO International Clinical Trials Registry Platform (ICTRP) 
and Current Controlled Trials. Conference abstracts and proceedings were searched using 
zetoc and Conference Proceedings Citation Index (CPCI), for all years available. 
Dissertations and theses were searched using ProQuest, Index to Theses in Great Britain and 
Ireland and EThOS. Specific sources of drug information were searched, including 
pharmacovigilance data from regulatory authorities (electronic Medicines Compendium 
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[eMC], US Food and Drug Administration [FDA] and Medicines and Healthcare products 
Regulatory Agency [MHRA]) and a specific drug bibliographic database (TOXLINE). 
Citation searching was carried out on included articles. In order to identify grey literature, the 
National Technical Information Service (NTIS) and OpenGrey were searched. Scoping 
searches were carried out to refine the search strategy. The initial search was carried out in 
the first week of February 2013, with an update search carried out in the first week of 
November 2016. An example of the search strategy used for one large database is available in 
Online Appendix 1. Where the full search strategy could not be used the word ‘gentamicin’ 
and its alternatives were searched for separately. 
 
Study selection 
All identified records were entered into Reference Manager Version 11.0 and duplicates 
removed. Titles and, where available, abstracts were screened by one reviewer for relevance, 
using the eligibility criteria. Due to the number of records it was not feasible for two 
independent reviewers to carry out this process but as a check for consistency 10% of records 
were randomly selected, using a random number generator, and screened independently by a 
second reviewer. Full text articles were sought for all potentially relevant records. Inclusion 
and exclusion criteria were applied to all full articles independently by two reviewers. Any 
disagreement between the two reviewers was resolved by discussion or by a third 
independent reviewer when necessary. Foreign language records were included when 
searching, and titles and abstracts were translated to allow screening. All potentially relevant 
foreign language studies were translated for assessment and, if appropriate, data extraction.  
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Data extraction 
The data extraction form (Online Appendix 2) was designed and piloted on five studies. Data 
extraction was carried out independently by two reviewers on all included studies. The 
following study characteristics were collected: 1) author; 2) study design; 3) country of 
publication; 4) number of participants; 5) age range of participants; 6) gender of participants; 
7) dose of gentamicin; and 8) indication for gentamicin. Specific details about adverse events 
were collected for the gentamicin and control groups including: 1) number of participants 2) 
frequency of adverse events; 3) type of adverse events; 4) severity of adverse events and 5) 
length of follow up. 
 
Risk of bias assessment 
Risk of bias assessment was included within the data extraction form and was independently 
assessed by two reviewers. Risk of bias was assessed with a tool specific to the study design. 
Randomised trials were assessed using ‘The Cochrane Collaboration’s tool for assessing risk 
of bias’. Non-randomised trials were assessed using the Newcastle-Ottawa Scale for cohort 
studies or case control studies, as appropriate. Specific risk of bias assessment for our 
outcome measure, adverse events, was carried out on all studies. This provided a common 
risk of bias assessment for all studies. For the risk of bias assessment of adverse events we 
used questions recommended by the Cochrane Collaboration.(12-14)  
 
Data synthesis 
Characteristics, main findings and risk of bias assessment were tabulated for each study. If 
data were appropriate for meta-analysis, it was planned that results would be presented as a 
summary risk ratio with 95% confidence intervals, on an intention-to-treat basis. 
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Variations to Protocol  
In our published protocol we planned to include studies comparing single one-off dose of 
gentamicin to a group receiving gentamicin in conjunction with other antimicrobials. To 
better identify genuine adverse effects of single dose gentamicin we later modified our 
protocol and excluded these studies. 
 
Nomenclature of Targets and Ligands 
Key protein targets and ligands in this article are hyperlinked to corresponding entries in 
http://www.guidetopharmacology.org, the common portal for data from the IUPHAR/BPS 
Guide to PHARMACOLOGY (15), and are permanently archived in the Concise Guide to 
PHARMACOLOGY 2015/16 (16). 
 
Results 
The searches identified 15,522 records, of which 6,858 were duplicates, leaving 8,664 unique 
studies. Many of the duplicates were generated when searching TOXLINE database which 
generates a separate output for each search term (e.g. gentamicin, gentamycin and 
cidomycin). Due to the number of records, only one reviewer screened all the articles for 
relevance. A second reviewer screened 10% (n=880) of the records to assess consistency and 
agreement between reviewers was moderate. When assessing the eligibility of full-text 
articles we found that some studies recruited both children and adults but none provided 
separate analysis by age group. Studies where ≥ 80% of participants were <16 years old were 
excluded. The flow diagram for study selection is shown in Figure 1. 
This article is protected by copyright. All rights reserved. 
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Full-text articles excluded, with reasons (943 articles) 
 
Unable to obtain full article  (n = 49) 
Study design   (n = 308)* 
No comment on adverse effects (n= 175)* 
Not human study  (n = 68)* 
Not single dose gentamicin (n = 615)* 
No comparator arm  (n = 314)* 
Majority participants <16 yrs (n = 80)* 
 the 
 
 
*Data not available for all studies 
This article is protected by copyright. All rights reserved. 
Characteristics of included studies 
36 studies were included in the final synthesis; one thesis (17), and 35 journal articles (5, 18-
51).  The 36 studies included 11 randomised controlled studies (two crossover designs), 18 
cohort studies, one retrospective survey, three pharmacokinetic and three quasi experimental 
studies. In keeping with our background understanding and scoping searches, no existing 
systematic review evaluating the safety of single dose gentamicin was identified. 
 
Across all the included studies, 24,107 participants (Male 11,107, Female 11,332)*  received 
a single one-off dose of gentamicin. Ages ranged from 18-95 years old and the dose of 
gentamicin ranged from 1mg/kg to 480mg. Indications for a single dose of gentamicin 
included prophylaxis prior to or during surgery (n=20), cystogram (n=1) or transrectal 
prostate biopsy (n=1). It was also used to treat sepsis (n=1), gonorrhoea (n=3) and urinary 
tract infections (n=2). Table 1 shows the characteristics of all included studies. 
* Ideal Body Charts based on height and gender, no further details. † Possible overlap in data.  ǂ Gender data is greater than total number of participant 
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Table 1: Characteristics of Included Studies 
 
Study 
(Year of publication) 
Design Country Total number 
participants 
enrolled (those 
receiving 
gentamicin) 
Age (years) 
 
In format 
reported 
Gender Dose and route of 
Gentamicin 
Indication for Gentamicin Length of 
follow up 
Adelman et al(29) 
(1982) 
RCT Crossover USA 10  (10) Not available Not available 1mg/kg/hr                      IV Nil, pharmacokinetic study 30 days 
Ahmed et al(46) 
(2016) 
Cohort UK 1500  (756)  Mean 81.3 Male = 384 
Female = 1116 
5mg/kg (max 480mg)    IV 
2mg/kg renal impairmentIV 
Preoperative prophylaxis, hip-
fracture patients 
30 days 
Bailey et al(41) 
 
(2014) 
Cohort UK 560  (254)  Mean 65.25 Male = 245 
Female = 247 
Excluded = 68 
‘Ideal Body Weight’ 
charts*                           IV 
Surgical prophylaxis, elective 
total hip or knee replacement 
23 months 
Bell et al†(40) 
(2014) 
Cohort UK 12883  (6655)  Mean 65.46 Data or publication error 
ǂ 
4mg/kg                             
IV 
Surgical prophylaxis 1 year 
Challagundla et al(36) 
(2013) 
Cohort UK 198  (98) Range 39-95 Male = 81 
Female = 117 
160mg (>60kg)               IV 
120mg (<60kg)              IV 
Surgical prophylaxis, elective 
total hip or knee replacement 
6 months 
Cobussen et al(47) 
(2016) 
Cohort Netherlands 302 (179) Mean 68 Male = 155 
Female = 147 
4.7mg/kg +/- 0.7 (SD)     IV Treatment of sepsis in 
emergency department 
28 days 
Contrepois et al(28) 
(1985) 
RCT Crossover France 33  (6) Range 21-28 Male = 33 1mg/kg/hr                        IV Nil, pharmacokinetic study Not available 
Craig et al(50) 
(2012) 
Matched Cohort UK 200 (100) Mean 81.95 Male = 56 
Female = 144 
240mg                             IV Preoperative prophylaxis,  hip-
fracture patients 
7 days 
Craxford et al(43) 
(2014) 
Cohort UK 400 (200) Range 40-91 Not available 3mg/kg                            IV Surgical prophylaxis, elective 
total hip or knee replacement 
1 year 
Craxford et al(42) 
(2014) 
Cohort UK 180  (90) Not available Not available 2mg/kg                            IV Prophylaxis, spinal surgery Not available 
Creasey et al(33) 
(1984) 
Pharmacokinetic USA 48  (12) Range 19-32 Male = 48 80mg                               IV Nil, pharmacokinetic study 24hr 
Dobbs et al(25) 
(1976) 
Quasi experimental 
Crossover 
UK 6  (6) Range 20-49 Not available 80mg                               IV Nil, experimental 1 month 
Dubrovskaya et al(45) 
(2015) 
Cohort USA 4177  (1590) Median 61 
(IQR 51-69) 
Male = 1659 
Female = 2518 
Weight based 
160mg–400mg                IV 
Perioperative prophylaxis, 
orthopaedic surgery 
5 days 
Fried et al(23) 
 
(1996) 
RCT USA 142  (72) Range 19-90 Male = 107 
Female = 35 
1.5mg/kg                         IM Prophylaxis prior to 
cystometrogram and/or 
cystogram studies 
1-2 weeks 
Giri et al(34) 
(2016) 
RCT India 100 (50) Range 18-80 Male = 49 
Female = 51 
5mg/kg                             
IV 
Surgical prophylaxis 1 month 
Hira et al(22) 
(1985) 
RCT Zambia 415  (302) Not available Male = 415 280mg                             IM Uncomplicated gonococcal 
urethritis 
14 days 
Jahre et al(32) Pharmacokinetic USA 6  (6) Not available Not available 1mg/kg                            IM Nil, pharmacokinetic study 24hr – 1 
* Ideal Body Charts based on height and gender, no further details. † Possible overlap in data.  ǂ Gender data is greater than total number of participant 
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(1978) month 
Jettoo et al(35) 
(2013) 
Matched Cohort UK 220  (107)  Mean 82.5 Male = 52 
Female = 168 
5mg/kg                            IV Prophylaxis, hip 
hemiarthroplasty for femoral 
neck fractures 
180 days 
Kirkcaldy et al(5) 
 
(2014) 
RCT USA 614  (305) Median 26 
(IQR 22-35) 
and 29 (IQR 
22-36) 
Male = 491 
Female = 121 
Data missing = 2 
240mg(>45kg) or 
5mg/kg(<45kg)               IM 
Treatment of gonorrhoea 30 days 
Kleinschmidt et al(24) 
(1983) 
RCT Germany 65  (34) Range 18-61 Female = 65 120mg                             IM Treatment of cystitis 4-6 weeks 
Lorber et al(49) 
 
(2013) 
Retrospective 
survey 
Israel 1666  (1085) Mean 63.5 Male = 1666 80mg                               IM 
160mg                             IM 
240mg                             IM 
Prophylaxis, transrectal 
prostate biopsy 
10 days 
McEntee et al(26) 
(1987) 
RCT UK 61  (17) Not available Male = 61 80mg                                
IV 
Prophylaxis in high risk 
patients undergoing 
prostatectomy 
Not available 
Meyers et al(31) 
 
(1972) 
Pharmacokinetic USA 20  (7, 3, 6) Range 22-30 Male = 11 
Female = 9 
100mg                             IM 
1mg/kg                            IV 
1.5mg/kg                         IV 
Nil, pharmacokinetic study 8 hours 
Mukherjee et al(38) 
(2013) 
Cohort UK 63 (40) Not available Male = 48 
Female = 15 
Not available                   IV Perioperative prophylaxis, 
radical cystectomy 
2 days, 
unclear if 
longer 
Ndele(17) Quasi experimental 
Crossover 
Not 
available 
6  (6) Range 28-45 Male = 6 120mg                             IV Nil, experimental 1 month 
Nielson et al(37) 
(2013) 
Cohort Denmark 3461  (1716) Not available Not available 
Excluded = 438 
240mg (<120kg)             IV 
480mg (≥120kg)              IV 
Prophylaxis, cardiac surgery 3 days 
Nielson et al(44) 
(2014) 
Cohort Denmark 1336  (668) Range 50-78 Male = 966 
Female = 370 
240mg (≤120kg)              IV 
480mg (>120kg)             IV 
Preoperative prophylaxis, 
cardiac surgery 
1 year 
Pareek et al(27) 
(1981) 
Quasi experimental Saudia 
Arabia 
40  (20) Not available Not available 160mg                             IM Treatment of gonorrhoea Not available 
Pons et al(21) 
(1993) 
RCT USA 910  (404) Not available Not available 80mg                               IV Preoperative prophylaxis 3 months 
Rakovec et al(30) 
(1985) 
Cohort Yugoslavia 1004  (572)  Mean 63.8 Male = 513 
Female = 491 
80mg                               IV Preoperative prophylaxis, 
colorectal surgery 
Not available 
Ross et al(51) 
 
(2013) 
Cohort UK 281 (149) Range 53-91 Male = 118 
Female = 155 
Excluded = 8 
4mg/kg                            IV Preoperative prophylaxis, hip 
and knee arthroplasty 
3 or 4 days 
Rowlands et al(18) 
(1982) 
RCT UK 129  (67) Range 18-60+ Not available 120mg                             IV Intraoperative prophylaxis, 
emergency abdominal surgery 
4 weeks 
Solgaard et al(19) 
(2000) 
Cohort Denmark 163  (93) Range 31-101 Male = 37 
Female = 126 
240mg                             IV Preoperative prophylaxis 7 days 
Sprowson et al(39) 
(2013) 
Cohort UK 8195  (2101)  Mean 69.05 Not available 4.5mg/kg                         IV Preoperative prophylaxis, 
primary joint arthroplasty 
30 days 
* Ideal Body Charts based on height and gender, no further details. † Possible overlap in data.  ǂ Gender data is greater than total number of participant 
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Sundman et al(20) 
 
(1997) 
RCT Sweden 158  (54) Range 20-94 Male = 57 
Female = 44 
Excluded = 57 
3mg/kg                            IV Febrile UTI requiring 
hospitalisation 
12-21 days 
Walker et al†(48) 
(2016) 
Cohort UK 9242  (6267)  Mean 68.7 Male = 3849 
Female = 5393 
4mg/kg                            IV Prophylaxis, orthopaedic 
surgery, excluding NOF repair 
1 year 
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Risk of bias assessment 
The risk of bias for each study is summarised in Figure 2. Monitoring and reporting of 
adverse events varied greatly between studies. The definition of adverse events was poorly 
reported, especially for older studies. Information about allocation concealment and blinding 
at the time of adverse event reporting was not recorded for the majority of studies. Reporting 
of adverse events frequently lacked detail, making it difficult to assess the risk of bias 
accurately. However, most studies did provide numerical data on adverse event rates 
according to intervention group 
 
Figure 2: Risk of bias assessment of included studies 
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Reported adverse events are summarised in Table 2. Twenty three (5, 19, 21, 23, 30, 33-48, 
50, 51), of the 36 included studies, reported adverse events in the gentamicin arm of their 
study although not all adverse events were related to gentamicin. Pons et al (21), the largest 
randomised controlled trial, had 910 participants who received ceftizoxime, or gentamicin 
plus vancomycin as antimicrobial prophylaxis prior to neurosurgery. Adverse events were not 
the primary outcome, but serum creatinine and urea were measured pre and 48hrs post 
operatively. There were no adverse drug reactions in the ceftizoxime group and six reactions 
reported in the gentamicin plus vancomycin group. All six reactions were ‘significant 
hypotension and/or flushing’, consistent with red man syndrome, a known adverse reaction 
associated with vancomycin. The first 186 patients enrolled into this study had a 
‘comprehensive review, urinalysis and serum studies’ and ‘there was no evidence of 
haematological, metabolic, hepatic or renal toxicity in either group’. Mean pre-treatment 
serum creatinine was 79.56 µmol/L in the ceftizoxime group and 76.02 µmol/L in the 
gentamicin plus vancomycin group. Post-treatment mean creatinine was 73.37 µmol/L and 
70.72 µmol/L respectively. Although the paper concludes that ceftizoxime is less toxic than 
vancomycin plus gentamicin, this seems to be based on the adverse event data associated 
with vancomycin. 
 
Fried et al (23) compared a single dose of gentamicin with an alternative antibiotic regimen 
(chosen on the basis of urine culture and sensitivity testing three weeks earlier) given as 
prophylaxis prior to cystometrogram and/or cystogram. The study’s main focus was clinical 
outcome and cost effectiveness. It was quasi-randomised with patients divided into groups 
based on whether their medical record number ended in an odd or even number. Seventy 
patients were included in the oral antibiotic group and 72 in the gentamicin group, mostly 
treated as outpatients. No differences in adverse events were found between the two groups.
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This study also asked participants in both groups to rate the ‘comfort’ and ‘convenience’ of 
treatment, on a scale of 1-5 (1=poor and 5=excellent). The gentamicin injection was 
preferable to oral antibiotics, with a mean convenience score of 4.42 in the gentamicin group 
compared to 3.63 in the oral antibiotic group and a mean comfort score of 4.24 in the 
gentamicin group compared to 3.83 in the oral antibiotic group. 
 
Kirkcaldy et al (5) was the most recent, large randomised controlled trial assessing single 
dose gentamicin. Comprehensive monitoring for adverse events was undertaken with a high 
and equal frequency of adverse events in both arms of the trial. Nausea, vomiting and 
diarrhoea were the most commonly reported events and were attributed to azithromycin, 
which was given in both arms of the trial. No serious adverse events were reported over 30 
days of follow-up. No specific monitoring for nephrotoxicity or ototoxicity was undertaken. 
 
Creasey et al (33) assessed the pharmacokinetic interaction between aztreonam and a number 
of other antibiotics, including gentamicin. There was one reported side effect in the 
gentamicin group comprising a transient rise in glutamic pyruvic transaminase, a liver 
enzyme. 
 
A significant number of studies (34-51) have been published in the last three years, almost as 
many as in the previous 50 years. The majority of these recent studies are a form of cohort 
study, without randomisation. Many of the studies reviewed a change in local antibiotic 
policies, particularly within orthopaedic surgery (35, 36, 39, 41, 43, 45, 46, 48, 50, 51). 
Authors compared a cephalosporin with gentamicin plus another antibiotic, frequently 
flucloxacillin. The studies focused on renal impairment with little or no mention of other 
adverse events. It should be noted that there is a possible overlap of data between studies by
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Bell et al (40) and Walker et al (48). Walker et al (48) presented data from NHS Tayside, 
orthopaedic department between October 2008 and December 2013 which may also be 
included with the study by Bell et al (40) covering five surgical specialities (including 
orthopaedic surgery) in NHS Tayside between October 2006 and September 2010.  
 
Challagundlla et al (36) divided patients into four groups, high dose flucloxacillin plus 
gentamicin, low dose flucloxacillin plus gentamicin, and two groups receiving cefuroxime 
(data collected retrospectively and prospectively). The dose of gentamicin was the same in 
both flucloxacillin groups. The study found the ‘peak incidence of Acute Kidney Injury 
(AKI) clearly coincides with the use of high dose flucloxacillin with single dose gentamicin’. 
Six of seven cases of renal failure (RIFLE Class F) (52) occurred in the high dose 
flucloxacillin group compared with one in the low dose flucloxacillin group. 
 
Seventeen (19, 30, 34, 37-48, 50, 51) studies reported nephrotoxicity following gentamicin. A 
definition of nephrotoxicity or AKI was often absent or varied between studies (Figure 2). 
Where available the definition used by a particular study has been provided. 
 
Rakovec et al (30) included 1004 participants given either a single dose of gentamicin plus 
metronidazole or no antibiotics, prior to colorectal surgery. A large number of participants, 
749, had a diagnosis of carcinoma and 255 had ‘other diseases’ which were not specified. 
Blood tests were used to monitor adverse events and a total of 38 events were reported. 
Nineteen patients had a transient rise in creatinine level, 13 patients had a short-lived increase 
in Serum Glutamic Oxaloacetic Transaminase (SGOT) and Serum Glutamic Pyruvic 
Transaminase (SGPT), two patients had eosinophilia and four exhibited an exanthema. We
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 have assumed that these adverse effects were seen in the antibiotic prophylaxis group, 
although this was not made explicit in the published article. 
 
Solgaard et al (19), a cohort study, compared dicloxacillin plus gentamicin to placebo as pre-
operative prophylaxis in patients with intertrochanteric hip fractures. This study recruited 163 
patients, up to 101 years old and excluded those with a pre-operative creatinine >121µmol/L. 
The study focused on nephrotoxicity, providing a clear definition of reversible and 
irreversible nephrotoxicity and description of how renal function was monitored. The group 
that received gentamicin had a median rise in creatinine, 17.2 µmol/L. This was significantly 
greater than the placebo group, which saw no rise in creatinine. However, at day seven post-
op no significant difference was seen in creatinine levels compared to baseline in either the 
antibiotic or placebo group. One case of irreversible nephrotoxicity, defined as increasing 
uraemia which led to death, occurred in the gentamicin group. No further details about this 
individual were given. 
 
Giri et al (34) was one of only two randomised studies published in the last 16 years. AKI, 
defined as a sudden (within 48 hours) decrease in renal function using Acute Kidney Injury 
Network Staging (53), was reported in both groups. All patients with AKI had a normal 
serum creatinine at one month follow up, without any further intervention. In non-randomised 
studies by Craig et al (50), Bailey et al (41), Craxford et al (42), Cobussen et al (47), Ahmed 
et al (46) and Dubrovskaya et al (45) no significant difference in rates of AKI were reported 
between gentamicin and comparator arms. In the majority of cases reported by Bailey et al 
(41), Cobussen et al (47), Ahmed et al (46) and Dubrovskaya et al (45) renal function 
returned to normal by the end of the follow up period. Bailey et al (41) reported 24 (9.4%) 
episodes of AKI (54), of which 21 had resolved at seven days post-op. Two of the three 
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patients whose AKI persisted had a normal creatinine at 28 days and 32 days. The third 
patient was lost to follow up, but had a normal creatinine at 23 months. Cobussen et al (47) 
compared creatinine on and after admission, as well as between the gentamicin and control 
groups. After admission there was no difference in the incidence and severity of AKI 
between the gentamicin and control groups. At 8-14 days after admission most patients 
returned to their baseline creatinine. Ahmed et al (46) reported that of those who developed 
AKI (55) post-operatively, 80% of those in the gentamicin group and 79% in the cefuroxime 
group had resolution prior to discharge. Dubrovskaya et al (45) reported that 76.9% of 
patients with nephrotoxicity (54) in the gentamicin group and 82.6% in the control group had 
a creatinine within normal limits at the time of discharge, p = 0.703. Sprowson et al (39) 
found that many of their participants had a transient rise in creatinine but in their analysis the 
authors only included participants with acute renal failure requiring High Dependency Unit 
(HDU) admission. Although the numbers were small in both groups, there was a significant 
difference in the frequency of HDU admission between patients who received gentamicin 
(0.33%) and those who received cefuroxime (0.07%) - p = <0.01. The authors speculated that 
the threshold for admission to HDU may have been lower in the more recent years when 
gentamicin was used, (October 2007 – February 2009), compared to the comparator group 
who received cefuroxime from May 2002 – September 2007. 
 
Studies including Nielson et al (37), Mukherjee et al (38), Ross et al (51), Sprowson et al 
(39), Bell et al (40), Craxford et al (43), Nielson et al (44) and Walker et al (48) found 
significant differences between groups receiving single dose gentamicin and those who did 
not. Nielson et al (37), Mukherjee et al (38) and Nielson et al (44) analysed creatinine 
between 24-72 hours post-operatively and Ross et al (51) performed their evaluation 
immediately post-operatively. None of these studies provided data beyond four days after 
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treatment. Both studies by Nielson et al (37, 44) reported no statistically significant 
difference in the frequency of post-operative dialysis and in one (44) there was no difference 
in the median maximum serum creatinine after 72 hours. 
 
Bell et al (40) was the largest cohort study identified and assessed the risk of AKI in patients 
receiving antibiotic prophylaxis before surgery, across five different surgical specialities. 
Unfortunately data and publication errors in the descriptive data tables, make it difficult to 
interpret the original data. The study reports an increase in rates of AKI in patients receiving 
gentamicin who underwent orthopaedic surgery, with the majority of AKI being transient 
Stage 1 (56). There was no association between AKI and gentamicin in urology, vascular, 
gastrointestinal or gynaecology surgical patients. The same NHS Trust also published Walker 
et al (48), the second largest cohort study. This assessed post-operative AKI in patients who 
had neck of femur (NOF) repair operations or other orthopaedic surgery. For this review we 
included only data provided for patients undergoing orthopaedic surgery other than NOF 
repair, as only this group received a single dose of gentamicin. The majority (83%) of AKI 
seen in both treatment groups was Stage 1 (56), with 9.86% reported in the gentamicin group 
and 8.03% in the co-amoxiclav comparison group. Similar small differences were also seen 
in rates of Stage 2 and 3 AKI. There is no comment on whether these differences were 
statistically significant but the authors suggest that changes in practice, such as anaesthetic 
technique and post-operative care may have contributed to the differences seen. 
 
Craxford et al (43) found a statistically significant increase in AKI (54) between elective 
lower limb arthroplasty patients who received gentamicin plus flucloxacillin, compared to 
those who received cefuroxime (p = <0.01) but there was no significant difference in the 
frequency of haemofiltration between the groups. The difference in rates of AKI appeared to 
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be independent of potential confounders and was not seen in a subgroup analysis of patients 
undergoing different surgical procedures. AKI was commoner in the Total Knee Replacement 
(TKR) group, but not in the Total Hip Replacement (THR) group which might be related to 
the use of a pneumatic tourniquet in the TKR group.  
 
Subgroup analysis 
In studies where all participants were <75years of age there were no reported episodes of 
nephrotoxicity or rise in creatinine. In studies where a fixed dose of ≤240mg of gentamicin 
was given, four out of fourteen studies reported higher frequency of nephrotoxicity or a rise 
in creatinine in the gentamicin group. Of the 11 randomised controlled trials only one study 
reported nephrotoxicity in the gentamicin arm and this was not statistically significant. 
Twenty studies used gentamicin as a surgical prophylaxis, of which 17 reported either 
nephrotoxicity or a rise in creatinine in the gentamicin arm. This compares to one study out 
of the 16 that used gentamicin for another indication. 
 
No meta-analysis was undertaken due to heterogeneity of the studies in relation to wide 
variations in patient demographics, co-morbidities, doses of gentamicin, study design and 
reporting of adverse events. 
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Table 2: Table of Adverse Events Data 
 
Study 
(Year of publication) 
Number of 
adverse 
events in all 
study arms 
Comparator Arm Frequency of 
adverse events 
in comparator 
group 
Type of adverse event reported in 
comparator group 
Adjunctive 
antibiotics in 
Gentamicin 
group 
Frequency of 
adverse 
events in 
gentamicin 
group 
Type of adverse event reported in 
gentamicin group 
Adelman et al          (1982) 0 Tobramycin 0/10 N/A Nil 0/10 N/A 
Ahmed et al 
 
(2016) 
303 
Some patients 
had >1 event 
Cefuroxime 117/744 Post-op Acute kidney injury (63) 
Thirty day mortality (54) 
Flucloxacillin 186/756 Post-op Acute kidney injury (125) 
Thirty day mortality (61) 
Bailey et al 
(2014) 
28 Cefuroxime 4/238 Acute kidney injury by RIFLE† 
R = (4) 
Flucloxacillin 24/254 Acute kidney injury by RIFLE† 
R = (12)  I = (7)  F = (5) 
Bell et al 
 
(2014) 
1370 Cefuroxime or 
Coamoxiclav 
548* Acute kidney injury (548) Flucloxacillin 
and/or 
Metronidazole 
822* Acute kidney injury (822) 
Challagundla et al 
 
(2013) 
48 Cefuroxime 11/100 Acute kidney injury by RIFLE 
R = (10)  I = (1) 
Flucloxacillin 
(High or Low 
dose) 
37/98 Acute kidney injury by RIFLE 
R = (22)  I = (8)  F = (7) 
Cobussen et al 
 
(2016) 
41 Broad spectrum ß-lactam 
antibiotic or 
fluoroquinolones 
21/123 Acute kidney injury by RIFLE 
R = (3)  I = (1)  F = (0) 
28-day mortality (17) 
Broad spectrum 
ß-lactam 
antibiotic 
36/179 Acute kidney injury by RIFLE 
R = (4)  I = (5)  F = (3) 
28-day mortality (24) 
Contrepois et al 
(1985) 
0 Dibekacin or tobramycin 
or netilmicin or amikacin 
0/24 N/A Nil 0/6 N/A 
Craig et al 
 
(2012) 
13 Cefuroxime 5/100 Reversible acute kidney injury (1) 
Not reversible acute kidney injury 
(4) 
Co-Amoxiclav 8/100 Reversible acute kidney injury (5) 
Not reversible acute kidney injury (3) 
Craxford et al 
(2014) 
18 Cefuroxime 2/200 Acute kidney injury by RIFLE 
R = (2) 
Flucloxacillin 16/200 Acute kidney injury by RIFLE 
R = (9)  I + F = (7) 
Craxford et al 
(2014) 
Not available Cefuroxime Not available No significant difference in acute 
kidney injury rates (p = 0.053) 
Flucloxacillin Not available No significant difference in acute 
kidney injury rates (p = 0.053) 
Creasey et al 
 
 
(1984) 
9 Aztreonam + cephradine 
or clindamycin or 
metronidazole or 
naficillin 
8/36 Transient taste disturbance, 
transient rise in serum glutamic 
pyruvic transaminase, transient rise 
in serum creatine phosphokinase 
Aztreonam 1/12 Transient rise in glutamic pyruvic 
transaminase 
Dobbs et al               (1976) 0 Tobramycin 0/6 N/A Nil 0/6 N/A 
Dubrovskaya et al 
 
(2015) 
85 Cefazolin 46/2587 Acute kidney injury by RIFLE 
R = (33)  I = (10)  F = (3) 
Cefazolin or 
clindamycin or 
vancomycin 
39/1590 Acute kidney injury by RIFLE 
R = (26)  I = (12)  F = (1) 
Fried et al 
(1996) 
17 Oral antibiotic based on 
urine culture sensitivity. 
10/70 Fever, haematuria, dysuria Nil 7/72 Fever, haematuria, dysuria 
Giri et al 20 Amikacin + 8/50 Acute kidney injury Stage 1 (8) Metronidazole 12/50 Acute kidney injury Stage 1 (10) 
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(2016) Metronidazole Acute kidney injury Stage 2 (2) 
Hira et al                 (1985) 0 Kanamycin 0* N/A Nil 0* N/A 
Jahre et al                (1978) 0 Netilmicin 0/6 N/A Nil 0/6 N/A 
Jettoo et al               (2013) 49 Cefuroxime 33/113 180 day mortality (33) Amoxicillin 16/107 180 day mortality (16 
) 
Kircaldy et al 
 
 
(2014) 
306 
Some patients 
had >1 event 
Gemifloxacin + 
azithromycin 
167/199 
Some patients 
had >1 event 
 
Nausea (74), Vomiting (10), Abdo 
pain (21), Diarrhoea (46), Fatigue 
(6), Dizziness (7), Tendon disorder 
(3) 
Azithromycin 139/202 
Some patients 
had >1 event 
 
Nausea (56), Vomiting (15), Abdo 
pain (15), Diarrhoea (39), Fatigue (4), 
Dizziness (7), Injection site pain (2), 
tendon disorder (1) 
Kleinschmidt et al     
(1983) 
4 Amoxicillin 4/31 Nausea (mild to significant) Nil 0/34 N/A 
Lorber et al 
(2013) 
0 Ofloxacin or 
Ciprofloxacin 
0/581 N/A Ofloxacin or 
Ciprofloxacin 
0/1085 N/A 
McEntee et al          (1987) 0 No treatment 0/44 N/A Nil 0/17 N/A 
Meyers et al             (1972) 0 Tobramycin 0/20 N/A Nil 0/16 N/A 
Mukherjee et al       (2013) 24 Not available Not available Not available Not available 24/40 Nephrotoxicity (24) 
Ndele 7 
Some patients 
had >1 event 
Netilmicin 3/6 
Some patients 
had >1 event 
Transient earthy taste (2)  
Transient smell of alcohol (2) 
Light headedness 5-10mins (3) 
Nil 0/6 N/A 
Nielson et al             (2013) 
Frequencies extrapolated 
from available published data 
865 
 
Teicoplanin and 
Dicloxacillin 
340/1307 Acute kidney injury (297) 
Postoperative dialysis (43) 
Teicoplanin and 
Dicloxacillin 
525/1716 Acute kidney injury (465) 
Postoperative dialysis (60) 
Nielson et al 
 
(2014) 
288 
Some patients 
had >1 event 
Teicoplanin and 
Dicloxacillin 
126/668 Acute kidney injury (110) 
1 year mortality (16) 
Teicoplanin and 
Dicloxacillin 
162/668 Acute kidney injury (145) 
1 year mortality (17) 
Pareek et al                
(1981) 
0 Spectinomycin 0/20 N/A Nil 0/20 N/A 
Pons et al 
(1993) 
6 Ceftizoxime 0/422 N/A Vancomycin 6/404 Clinically significant hypotension 
and/or flushing ('red man syndrome') 
Rakovec et al 
 
 
(1985) 
38 No treatment Not available Not available Metronidazole 38/572 Transient elevation of creatinine (19), 
short-lived increase SGOT+SGPT 
(13), eosinophilia (2), exanthema (4) 
Ross et al 
(2013) 
11 Cefuroxime 2/124 Acute kidney injury by RIFLE 
R = (2) 
Flucloxacillin 9/149 Acute kidney injury by RIFLE 
R = (4)  I = (3)  F = (2) 
Rowlands et al         (1982) 0 Placebo 0/62 N/A Clindamycin 0/67 N/A 
Solgaard et al 
(2000) 
21 No treatment 4/76 Reversible nephrotoxicity (4) Dicloxacillin 17/87 Irreversible nephrotoxicity (1) 
Reversible nephrotoxicity (16)  
Sprowson et al 
(2013) 
11 Cefuroxime + gentamicin 
loaded cement 
4/6094 Acute renal failure requiring High 
Dependency Unit (4) 
Gentamicin 
loaded cement 
7/2101 Acute renal failure requiring High 
Dependency Unit (7) 
Sundman et al 
(1997) 
4-5 Cefotaxime + norfloxacin 4 or 5/47 (inc 2 
or 3 deaths) 
Not available Norfloxacin 0/54 N/A 
Walker et al 1031 Co-amoxiclav 273/2975 Acute kidney injury Stage 1 (239) Flucloxacillin 758/6267 Acute kidney injury Stage 1 (618) 
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(2016) 
Acute kidney injury Stage 2 (22) 
Acute kidney injury Stage 3 (12) 
Acute kidney injury Stage 2 (95) 
Acute kidney injury Stage 3 (45) 
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Discussion 
Our systematic review suggests that single dose gentamicin can have an effect on renal 
function, but this is usually mild and/or transient. Of the 36 studies identified, there were 
2599 episodes of creatinine rise or nephrotoxicity in the gentamicin group. However many 
cases resolved within a few days or weeks or occurred in populations with renal risk factors. 
No cases of ototoxicity were reported.  
 
Our findings are in keeping with existing knowledge of gentamicin and its side effects, which 
is based on multiple dosing regimens. Nephrotoxicity is considered to be dose related.(57) 
Re-uptake of the drug occurs in the proximal renal tubule where it leads to high drug 
concentrations within the tubule cells.(58) The risk of nephrotoxicity can be minimised by 
serum-level monitoring with dose adjustment, and shortening the duration of treatment.(59) 
Several risk factors are thought to predispose to nephrotoxicity including increasing age, pre-
existing renal disease, use of diuretics, exposure to radiographic contrast, circulating volume 
depletion and use of other nephrotoxic medication including ACE inhibitors, Non-steroidal 
anti-inflammatory drugs (NSAIDs), amphotericin or cisplatin.(11, 60-62) In multiple dosing 
of gentamicin the frequency of related nephrotoxicity is reported to be 10-25%.(63-65) 
 
Although no episodes of ototoxicity were reported in our review Gentamicin is primarily 
vestibulotoxic(66). Causing damage to the vestibular apparatus, initially affecting the cristae 
and progressing to the striolar regions of the maculi(67). Clinically this leads to dizziness, 
ataxia and nystagmus. Destruction of the auditory sensory cells of the organ of Corti leads to 
cochleotoxicity which is associated with over-production of oxidative free radicals(68) and 
can present as hearing loss or tinnitus. In our review Kirkcaldy et al(5) was the only study to 
report seven episodes of dizziness in the gentamicin group, but an equal number of episodes 
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were reported in the comparator group. The ototoxicity of aminoglycosides, which is 
irreversible, does not correlate with drug levels in the fluid of the inner ear, drug dose or 
gentamicin serum concentration.(69, 70) In a study of 30 patients with gentamicin associated 
vestibulotoxicity, 16 had received less than the recommended maximum dose of 5mg/kg/day 
over 10 days.(70) A review of aminoglycoside toxicity including papers published between 
1975 and 1982 identified 8 studies (559 patients) that evaluated gentamicin(71) and found the 
frequency of vestibulotoxicity to be 2.7%, and of cochlear toxicity 8.3%(71). A subsequent 
review in 2008, using different inclusion criteria, assessed 4 additional studies (147 patients) 
and found a frequency of vestibulotoxicity of 10.9% one week after completing 
treatment.(72) This review did not comment on cochlear toxicity and neither review assessed 
the effect of duration of therapy on risk of ototoxicity. In a case series of 33 patients with 
permanent gentamicin-induced vestibulotoxicity, 1 patient had developed vestibular toxicity 
after 5 days of treatment; all other patients had received a longer course of gentamicin.(73) In 
a larger case series, 6 of 103 patients presenting to a balance disorder clinic with a diagnosis 
of severe, symmetrical, selective, bilateral vestibular loss, had received only a single dose of 
gentamicin.(72) The lack of correlation between drug dose or serum concentration in causing 
vestibular or cochlear toxicity makes it difficult to predict which patients will be affected. 
Increasing age(74) and a mitochondrial DNA mutation, (m.1555A>G),(75, 76) have both 
been shown to increase a patient’s susceptibility to cochleotoxicity, but not vestibulotoxicity. 
 
The main strength of this systematic review was a robust search strategy and adherence to 
established protocols published by the Cochrane group (12) and Centre for Reviews and 
Dissemination at University of York.(77) This minimised the risk of excluding a potentially 
relevant study. Limiting the analysis to studies which had a comparator group provided a 
more robust evaluation of the adverse effects that were associated with gentamicin. 
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Many of the limitations of this review are in part due to the design or reporting of included 
studies. It would have been preferable to have reported a meta-analysis, but heterogeneity of 
the studies meant this would have been inappropriate. In patients receiving multiple 
interventions it can be difficult to identify the relative contribution of a single agent to 
reported adverse effects. In particular other factors such as concomitant medication, pre-
existing co-morbidities and surgical procedures can affect the risk of kidney injury. In our 
review the studies (39-41, 43, 46, 48) that reported a statistically significant increase in AKI 
were all carried out in patients undergoing orthopaedic surgery. It is likely that patients are 
more vulnerable to the renal effects of gentamicin if they are older or are taking NSAIDs for 
joint pain.  
 
Cohort studies contributed the largest proportion of data to the review with an associated risk 
of unidentified confounding factors leading to bias. The majority of studies used antibiotic 
combination regimens, again making it difficult to identify the specific role of gentamicin. 
Flucloxacillin alone is not a common cause of nephrotoxicity, but Challagundlla et al (36) 
reported a difference in AKI between high and low dose flucloxacillin groups when all other 
confounders were accounted for. Whether flucloxacillin has a synergistic effect to cause 
gentamicin toxicity is unclear, but studies with adjunctive antibiotics need to be interpreted 
with caution. Only one study (39) published after 1996 did not use an adjunctive antibiotic in 
combination with gentamicin. 
 
The quality of studies was generally poor, specifically in defining and reporting adverse 
events, and especially for studies reporting prior to 2012. The risk of bias was therefore high 
or uncertain for many studies. Reporting of adverse events was often limited to one or two 
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sentences commenting on a lack of side effects. This limited data on adverse events also 
makes it difficult to identify specific subgroups that might be at higher risk of toxicity. Poor 
reporting of adverse events is a common problem even in otherwise high quality trials (19, 
20). We were also unable to obtain 47 (5%) of the 933 potentially relevant reports. The 
majority (n=38) of these were conference abstracts, proceedings, dissertations or theses. 
Thirty of these 47 records also lacked a published abstract. 
 
A relatively new indication for gentamicin is for the treatment of gonorrhoea. Gonorrhoea has 
been increasing in men and women in England since 2010, with a 21% increase between 
2014-15(78). Multi drug resistance is common and an outbreak of highly level resistance to 
azithromycin was recently reported in England (79). The World Health Organisation (WHO) 
has listed Neisseria gonorrhoeae as a high priority pathogen for research and development of 
new antibiotics(80). Two systematic reviews have showed that single dose gentamicin is an 
effective treatment (4, 6) and this has been supported by a large clinical trial(5). This 
systematic review supports the use of single dose gentamicin as a safe alternative treatment 
for gonorrhoea. 
 
Previous reports have found that repeated single daily dosing of aminoglycosides has an 
equivalent or lower level of toxicity compared to multiple daily doses (11). Other anti-
microbials have also shown an improved side effect profile when used as single dose daily 
therapy(81) but our review is the first to assess the toxicity of a single, one-off, dose of 
gentamicin. 
 
This article is protected by copyright. All rights reserved. 
References 
 
1. Weinstein M, Luedemann G, Oden E, Wagman G, Rosselet J, Marquez J, et al. 
Gentamicin, a New Antibiotic Complex from Micromonospora. Journal of Medicinal 
Chemistry. 1963;6(4):463-4. 
2. Gyselynck A, Forrey A, Cutler R. Pharmacokinetics of Gentamicin: Distribution and 
Plasma and Renal Clearance. The Journal of Infectious Diseases. 1971;124(Supplement 
1):S70-S6. 
3. Mavros M, Polyzos K, Rafailidis P, Falagas M. Once versus multiple daily dosing of 
aminoglycosides for patients with febrile neutopenia: a systematic review and meta-analysis. 
Journal of Antimicrobial Chemotherapy. 2011;66(2):251-9. 
4. Hathorn E, Dhasmana D, Duley L, Ross J. The effectiveness of gentamicin in the 
treatment of Neisseria gonorrhoeae: a systematic review. Systematic Reviews. 2014;3:104-. 
5. Kirkcaldy RD, Weinstock HS, Moore PC, Philip SS, Wiesenfeld HC, Papp JR, et al. 
The Efficacy and Safety of Gentamicin Plus Azithromycin and Gemifloxacin Plus 
Azithromycin as Treatment of Uncomplicated Gonorrhea. Clinical Infectious Diseases. 
2014;59(8):1083-91. 
6. Dowell D, Kirkcaldy RD. Effectiveness of gentamicin for gonorrhoea treatment: 
systematic review and meta-analysis. Postgraduate Medical Journal. 2013;89(1049):142-7. 
7. Rao S, Ahmed M, Hagan R. One dose per day compared to multiple doses per day of 
gentamicin for treatment of suspected or proven sepsis in neonates. The Cochrane database of 
systematic reviews. 2006(1). 
8. Diamond C, O'Connell D, Hornig J, Liu R. Systematic review of intratympanic 
gentamicin in Meniere's disease. The Journal of otolaryngology. 2003;32(6):351-61. 
9. Musiime G, Seale A, Moxon S, Lawn J. Risk of gentamicin toxicity in neonates 
treated for possible severe bacterial infection in low- and middle-income countries: 
Systematic Review. Tropical medicine & international health : TM & IH. 2015;20(12):1593-
606. 
10. Pino R, Marcos G, Keituqwa Y, Gonzalez P, Trinidad R, Pardo R, et al. Cochlear-
vestibular ototoxicity by gentamicin. Report of a case and literature review. Anales 
otorrinolaringologicos ibero-americanos. 2004;31(6):531-7. 
11. Barza M, Ioannidis J, Cappelleri J, Lau J. Single or multiple daily doses of 
aminoglycosides: a meta-analysis. British Medical Journal. 1996;312(338). 
12. Collaboration TC. Cochrane Handbook for Systematic Reviews of Interventions. 
Assessing risk of bias for adverse effects: The Cochrane Collaboration; 2011. 
13. Down S, Black N. The feasibility of creating a checklist for the assessment of the 
methodological quality both of randomised and non-randomised studies of health care 
iunterventions. Journal of Epidemiology and Community Health. 1998;52:377-84. 
14. Wells G, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-
Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analysis. 
Available from: http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm. 
15. Southan C, Sharman J, Benson H, Faccenda E, Pawson A, Alexander S, et al. The 
IUPHAR/BPS Guide to PHARMACOLOGY in 2016: Towards curated quantitative 
interactions between 1300 protein targets and 6000 ligands. Nucleic Acids Research. 
2016;44(D1):D1054-D68. 
16. Alexander S, Kelly E, Marrion N, Peters J, Benson H, Faccenda E, et al. The Concise 
Guide to PHARMACOLOGY 2015/16: Overview. British Journal of Pharmacology. 
2015;172(24):5729-43. 
17. Ndele J. The nephrotoxicity of netilmicin and gentamicin: Manchester; 2013. 
This article is protected by copyright. All rights reserved. 
18. Rowlands BJ, Clark RG, Richards DG. Single-dose intraoperative antibiotic 
prophylaxis in emergency abdominal surgery. Archives of Surgery. 1982;117(2):195-9. 
19. Solgaard L, Tuxoe JI, Mafi M, Olsen SD, Jensen TT. Nephrotoxicity by dicloxacillin 
and gentamicin in 163 patients with intertrochanteric hip fractures. International 
Orthopaedics. 2000;24:155-7. 
20. Sundman K, Arneborn P, Blad L, Sjoberg L, Vikerfors T. One bolus dose of 
gentamicin and early oral therapy versus cefotaxime and subsequent oral therapy in the 
treatment of febrile urinary tract infection. European Journal of Clinical Microbiology & 
Infectious Diseases. 1997;16(6):455-8. 
21. Pons VG, Denlinger SL, Guglielmo BJ, Octavio J, Flaherty J, Derish PA, et al. 
Ceftizoxime versus vancomycin and gentamicin in neurosurgical prophylaxis: a randomized, 
prospective, blinded clinical study. Neurosurgery. 1993;33(3):422-3. 
22. Hira SK, Attili VR, Kamanga J, Mkandawire O, Patel JS, Patel MI. Efficacy of 
gentamicin and kanamycin in the treatment of uncomplicated gonococcal urethritis in 
Zambia. Sexually Transmitted Diseases. 1985;12(1):52-4. 
23. Fried GW, Goetz G, Potts-Nulty S, Solomon G, Cioschi HM, Staas WEJ. Prospective 
evaluation of antibiotic prophylaxis prior to cystometrogram and/or cystogram studies: oral 
versus intramuscular routes. Archives of Physical Medicine & Rehabilitation. 
1996;77(9):900-2. 
24. Kleinschmidt K, Weissbach L, Bode HU. One-time treatment of acute cystitis in 
women: Comparison of gentamicin with amoxicillin. Deutsche Medizinische Wochenschrift. 
1983;108(48):1837-40. 
25. Dobbs SM, Mawer GE. Intravenous injection of gentamicin and tobramycin without 
impairment of hearing. The Journal of Infectious Diseases. 1976;134 Suppl:S114-S7. 
26. McEntee GP, McPhail S, Mulvin D, Thomson RW. Single dose antibiotic prophylaxis 
in high risk patients undergoing transurethral prostatectomy. The British Journal of Surgery. 
1987;74(3):192-4. 
27. Pareek SS, Chowdhury MNH. Comparative study between gentamicin and 
spectinomycin in the treatment of infections due to penicillin resistant gonococci. Current 
Therapeutic Research. 1981;30(Aug):177-80. 
28. Contrepois A, Brion N, Garaud JJ, Faurisson F, Carbon C. Renal disposition of 
gentamicin, dibekacin, tobramycin, netilmicin, and amikacin in humans. Antimicrobial 
Agents Chemotherapy. 1985;27(Apr):520-4. 
29. Adelman M, Evans E, Schentag JJ. Two compartment comparison of gentamicin and 
tobramycin in normal volunteers. Antimicrobial Agents and Chemotherapy. 1982;22(5):800-
4. 
30. Rakovec S, Gubina M. Chemoprophylaxis of postoperative infections in colorectal 
surgery. International Journal of Clinical Pharmacology Research. 1985;5(3):181-3. 
31. Meyers BR, Hirschman SZ. Pharmacologic studies on tobramycin and comparison 
with gentamicin. The Journal of Clinical Pharmacology and New Drugs. 1972;12(8-9):321-4. 
32. Jahre JA, Fu KP, Neu HC. Kinetics of netilmicin and gentamicin. Clinical 
Pharmacology & Therapeutics. 1978;23(May):591-7. 
33. Creasey WA, Adamovics J, Dhruv R, Platt TB, Sugerman AA. Pharmacokinetic 
interaction of aztreonam with other antibiotics. The Journal of Clinical Pharmacology. 
1984;24(4):174-80. 
34. Giri VP, Giri OP, Bajracharya S, Khan FA, Sinha SP, Kanodia S, et al. Risk of acute 
kidney injury with amikacin versus gentamycin both in combination with metronidazole for 
surgical prophylaxis. Journal of Clinical and Diagnostic Research. 2016;10(1):FC09-FC12. 
This article is protected by copyright. All rights reserved. 
35. Jettoo P, Jeavons R, Siddiqui B, O'Brien S. Antibiotic prophylaxis for hip fracture 
surgery: three-dose cefuroxime versus single-dose gentamicin and amoxicillin. Journal of 
Orthopaedic Surgery (10225536). 2013;21(3):323-6. 
36. Challagundla SR, Knox D, Hawkins A, Hamilton D, R WvF, Robertson S, et al. 
Renal impairment after high-dose flucloxacillin and single-dose gentamicin prophylaxis in 
patients undergoing elective hip and knee replacement. Nephrology Dialysis Transplantation. 
2013;28(3):612-9. 
37. Nielsen DV, Hjortdahl V, Jakobsen CJ. Single dose aminoglycoside has an impact on 
renal function but does not increase postoperative dialysis after cardiac surgery. Applied 
Cardiopulmonary Pathophysiology. 2013;17(2):162-3. 
38. Mukherjee A, Hilditch G, Hendry D. Use of peri-operative gentamicin in radical 
cystectomy: Does it cause more harm than good? Urology. 2013;82(3 SUPPL. 1):S114. 
39. Sprowson A, Symes T, Khan SK, Oswald T, Reed MR. Changing antibiotic 
prophylaxis for primary joint arthroplasty affects postoperative complication rates and 
bacterial spectrum. Surgeon. 2013;11(1):20-4. 
40. Bell S, Davey P, Nathwani D, Marwick C, Vadiveloo T, Sneddon J, et al. Risk of AKI 
with gentamicin as surgical prophylaxis. Journal of the American Society of Nephrology. 
2014;25(11):2625-32. 
41. Bailey O, Torkington MS, Anthony I, Wells J, Blyth M, Jones B. Antibiotic-related 
acute kidney injury in patients undergoing elective joint replacement. Bone & Joint Journal. 
2014;96-B(3):395-8. 
42. Craxford S, Gale M, Shafafy M. Changing prophylactic antibiotics for posterior spinal 
surgery: Are we putting our patients at risk? European Spine Journal. 2014;23(1 SUPPL. 
1):S111. 
43. Craxford S, Bayley E, Needoff M. Antibiotic-associated complications following 
lower limb arthroplasty: A comparison of two prophylactic regimes. European Journal of 
Orthopaedic Surgery and Traumatology. 2014;24(4):539-43. 
44. Nielsen DV, Fedosova M, Hjortdal V, Jakobsen CJ. Is single-dose prophylactic 
gentamicin associated with acute kidney injury in patients undergoing cardiac surgery? A 
matched-pair analysis. Journal of Thoracic and Cardiovascular Surgery. 2014;148(4):1634-9. 
45. Dubrovskaya Y, Tejada R, Bosco J, Stachel A, Chen D, Feng M, et al. Single high 
dose gentamicin for perioperative prophylaxis in orthopedic surgery: Evaluation of 
nephrotoxicity. SAGE open medicine. 2015;3:2050312115612803. 
46. Ahmed I, Khan MA, Allgar V, Mohsen A. The effectiveness and safety of two 
prophylactic antibiotic regimes in hip-fracture surgery. European Journal of Orthopaedic 
Surgery and Traumatology. 2016;26, NUMB 5:483-92. 
47. Cobussen M, De Kort JML, Dennert RM, Lowe SH, Stassen PM. No increased risk of 
acute kidney injury after a single dose of gentamicin in patients with sepsis. Infectious 
Diseases. 2016;48(4):274-80. 
48. Walker H, Patton A, Bayne G, Marwick C, Sneddon J, Davey P, et al. Reduction in 
post-operative acute kidney injury following a change in antibiotic prophylaxis policy for 
orthopaedic surgery: an observational study. The Journal of antimicrobial chemotherapy. 
2016;71(9):2598-605. 
49. Lorber G, Benenson S, Rosenberg S, Gofrit ON, Pode D. A single dose of 240 mg 
gentamicin during transrectal prostate biopsy significantly reduces septic complications. 
Urology. 2013;82(5):998-1002. 
50. Craig P, Starks I, G. B, Roberts P. Is prophylactic Gentamicin associated with acute 
kidney injury in patients undergoing surgery for fractured neck of femur? Injury - 
International Journal of the Care of the Injured. 2012;43:2152-5. 
This article is protected by copyright. All rights reserved. 
51. Ross AD, Boscainos PJ, Malhas A, Wigderowitz C. Peri-operative renal morbidity 
secondary to gentamicin and flucloxacillin chemoprophylaxis for hip and knee arthroplasty. 
Scottish Medical Journal. 2013;58(4):209-12. 
52. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P. Acute renal failure – 
definition, outcome measures, animal models, fluid therapy and information technology 
needs: the Second International Consensus Conference of the Acute Dialysis Quality 
Initiative (ADQI) Group. Critical Care. 2004;8(4):R204. 
53. Lopes J, Jorge S. The RIFLE and AKIN classifications for Acute Kidney injury: a 
critical and comprehensive review. Clinical Kidney Jornal. 2013;6:8-14. 
54. K/DOQI Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation, 
Classification and Stratification. Am J Kidney Dis. 2002;39: 2 Suppl 1. 
55. Mehta R, Kellum J, Shah S, Molitoris B, Ronco C, Warnock D. Acute Kidney Injury 
Network: report of an initiative to improve outcomes in acute kidney injury. Critical Care. 
2007;11:R31. 
56. Group AKIW. Kidney Disease: Improving Global Outcomes (KDIGO) Clinical 
Practice Guideline for Acute Kidney Injury. Kidney Int. 2012;2(Suppl):1-138. 
57. Moore R, Smith C, Lipsky J, Mellits E, Lietman P. Risk factors for nephrotoxicity in 
patients treated with aminoglycosides. Annals of Internal Medicine. 1984;100(3):352-7. 
58. Vandewalle A, Farman N, Morin J, Fillastre J, Hatt P, Bonvalet J. Gentamicin 
incorporation along the nephron: Autoradiographic study on isolated tubules. Kidney 
International. 1981;19(4):529-39. 
59. Destache CJ. Aminoglycoside-Induced Nephrotoxicity—A Focus on Monitoring: A 
review of Literature. Journal of Pharmacy Practice. 2014;27(6):562-6. 
60. Choudhury D, Ahmed Z. Drug-Induced Nephrotoxicity. Medical Clinics of North 
America. 1997;81(3):705-17. 
61. Hock R, Anderson R. Prevention of drug-induced nephrotoxicity in the intensive care 
unit. Journal of Critical Care. 1995;10(1):33-43. 
62. Bertino J, Booker L, Franck P, Jenkins P, Franck K, Nafziger A. Incidence of and 
Significant Risk Factors for Aminoglycoside-Associated Nephrotoxicity in Patients Dosed by 
Using Individualized Pharmacokinetic Monitoring. Journal of Infectious Diseases. 
1993;167(1):173-9. 
63. Broe MED, Paulus GJ, Verpooten GA, Roels F, Buyssens N, Wedeen R, et al. Early 
effects of gentamicin, tobramycin, and amikacin on the human kidney. Kidney International. 
1984;25:643-52. 
64. Laurent G, Kishore BK, Tulkens PM. Aminoglycoside-induced renal 
phospholipidosis and nephrotoxicity. Biochemical Pharmacology 1990;40:2383-92. 
65. Leehey DJ, Braun BI, Tholl DA, Chung LS, Gross CA, Roback JA, et al. Can 
pharmacokinetic dosing decrease nephrotoxicity associated with aminoglycoside therapy. 
Journal of the American Society of Nephrology. 1993;4(1):81-90. 
66. Forge A, Schacht J. Aminoglycoside antibiotics. Audiology and Neurotology. 
2000;5(1):3-22. 
67. Rybak L. Aminoglycoside antibiotics. In: Cummings CJ, Haughey B, Thomas J, 
editors. Cummings Otolaryngology: Head and Neck Surgery. 4th ed. Philadelphia PA: 
Elsevier; 2005. p. 1175-9. 
68. Rybak L, Kelly T. Ototoxicity: bioprotective mechanisms. Current Opinion in 
Otolaryngology and Head and Neck Surgery. 2003;11(5):328-33. 
69. Mattie H, Craig WA, Pechèré JC. Determinants of efficacy and toxicity of 
aminoglycosides. Journal of Antimicrobial Chemotherapy. 1989;24(3):281-93. 
70. Halmagyi GM, Fattore CM, Curthoys IS, Wade S. Gentamicin Vestibulotoxicity. 
Otolaryngology - Head and Neck Surgery. 1994;111(5):571-4. 
This article is protected by copyright. All rights reserved. 
71. Kahlmeter G, Dahlager J. Aminoglycoside toxicity - a review of clinical studies 
published between 1975 and 1982. Journal of Antimicrobial Chemotherapy. 
1984;13(Supplement A):9-22. 
72. Ariano RE, Zelenitsky SA, Kassum DA. Aminoglycoside-Induced Vestibular Injury: 
Maintaining a Sense of Balance. The Annals of Pharmacotherapy. 2008;42(Sept):1282-9. 
73. Black F, Pesznecker S, Stallings V. Permanent gentamicin vestibulotoxicity. Otology 
& Neurotology. 2004;25(4):559-69. 
74. Gatell J, Ferran F, Araujo V, Bonet M, Soriano E, Traserra J, et al. Univariate and 
Multivariate Analyses of Risk Factors Predisposing to Auditory Toxicity in Patients 
Receiving Aminoglycosides. Antimicrobial Agents and Chemotherapy. 1987;31(9):1383-7. 
75. Fischel-Ghodsian N, Prezant T, Chaltraw W, Wendt K, Nelson R, Arnos K, et al. 
Mitochondrial gene mutation is a significant predisposing factor in aminoglycoside 
ototoxicity. American Journal of Otolaryngology. 1997;18(3):173-8. 
76. Pandya A, Xia X, Radnaabazar J, Batsuuri J, Dangaansuren B, Fischel-Ghodsian, et 
al. Mutation in the mitochondrial 12S rRNA gene in two families from Mongolia with 
matrilineal aminoglycoside ototoxicity. Journal of Medical Genetics. 1997;34:169-72. 
77. Systematic Reviews - CRD's guidance for undertaking reviews in health care: CRD, 
University of York; 2009. 
78. England PH. STI diagnoses and rates in England by gender, 2006 to 2015. 2016. 
79. Health Protection Report Weekly Report [press release]. Public Health England, 9th 
September 2016 2016. 
80. WHO publishes list of bacteria for which new antibiotics are urgently needed [press 
release]. World Health Organisation, 27th February 2017 2017. 
81. Hopkins S. Clinical toleration and safety of azithromycin. The American Journal of 
Medicine. 1991;91(3):S40-S5. 
 
